Abstract. Endometrial cancer (Ec) is the most common gynecological tumor in developed countries with an increasing incidence. Left-right determination factor 2 (LEFTY2), a suppressor of cell proliferation and tumor growth, is a negative regulator of Ec progression. The roles of LEFTY2 are emerging; however, the regulatory mechanisms of its expression have not been well understood. MicroRNA (miR)-215 as an oncogene serves an important role in tumorigenesis by regulating target genes. In the present study, it was demonstrated that overexpression of miR-215 promoted epithelial to mesenchymal transition (EMT), colony formation and dNA synthesis in Ec HEc-1A cells and its expression was upregulated in Ec tissues. Using online miR target prediction software, it was revealed that LEFTY2 is predicted as a target of miR-215. Using western blot analysis and immunofluorescence assays, it was demonstrated that overexpression of miR-215 markedly downregulated LEFTY2 protein expression levels in HEc-1A cells and LEFTY2 protein expression was downregulated in Ec tissues, which was inversely correlated with miR-215 expression. Furthermore, the present study indicated that overexpression of LEFTY2 protein promoted mesenchymal to epithelial transition and sensitized HEc-1A cells to cisplatin treatment. In addition, it was revealed that the overexpression of LEFTY2 inhibited colony formation and dNA synthesis in HEc-1A cells. Thus, miR-215 may promote EMT and proliferation by regulating LEFTY2 in Ec.
Introduction
Endometrial cancer (Ec) is the most common gynecological tumor in developed countries, and its prevalence is increasing (1) . Two clinicopathological subtypes of Ec exist: The estrogen-related (type I) endometrioid adenocarcinoma and the non-estrogen related (type II) non-endometrioid adenocarcinoma (2) . Patients with Ec are often diagnosed when the disease is still confined to the uterus (2) . Despite the overall prognosis for Ec being good, relapse will eventually occur in some patients who may then ultimately succumb to the disease (2) . Therefore, a thorough understanding of the molecular basis of Ec progression may contribute to the identification of novel therapeutic targets to improve patient outcome.
Epithelial to mesenchymal transition (EMT) is an essential process that drives plasticity during development; however, it is also an unintentional behavior of cells during the progression of malignant tumors (3) (4) (5) . As a result of EMT, epithelial cells lose their defined cell-cell/cell-substratum contacts and their structural/functional polarity, and they become spindle-like (5) . The alteration of several layers of regulation, including the transcription and translation machinery, expression of non-coding RNA, alternative splicing and protein stability, result in disturbance of a controlled epithelial balance (5) (6) (7) .
MicroRNA (miR), a class of small non-coding RNA, regulate gene expression by facilitating mRNA degradation or translational inhibition (8) . They serve important roles in development, cellular differentiation, proliferation, cell cycle control and cell death (8) (9) (10) (11) (12) , and have been demonstrated to be involved in various human diseases, such as cancer (9, 13) . Aberrant miR-215 expression has been implicated in cancer progression by regulating target genes (14) (15) (16) .
Left-right determination factor 2 (LEFTY2), also known as endometrial bleeding-associated factor, is secreted as a 42-kda precursor susceptible to proteolytic cleavage (17) . It is a member of the transforming growth factor (TGF)-β family (18, 19) and its active forms induce mitogen-activated protein kinase activity and inhibit TGF-β signaling (17) . LEFTY2 expression is low in healthy endometrium; however, its expression levels are increased prior to or during menstrual bleeding (20) . Recently, it has been reported that LEFTY2 is able to downregulate marker of proliferation Ki-67 expression and focal adhesion kinase activity (21) . It may upregulate E-cadherin expression and inhibit proliferation and migration in Ec cells (21) . The present study demonstrated that miR-215 miR-215 promotes epithelial to mesenchymal transition and proliferation by regulating LEFTY2 in endometrial cancer promoted EMT, colony formation and dNA synthesis by regulating LEFTY2 in Ec.
Materials and methods
Clinical specimens. The Ethics committee of The Fourth Affiliated Hospital of Harbin Medical University (Harbin, china) approved the present study and patient consent was obtained prior to tissue collection. A total of 58 samples were obtained from 58 patients at The Fourth Affiliated Hospital of Harbin Medical University between January 2014 and January 2016. The patients diagnosed as Ec ranged in age from 35-70 years-old. Snap-frozen EC samples were obtained from patients undergoing hysterectomy, without preoperative chemotherapy or radiation, and were histologically validated for type (type I endometrioid Ec). Normal endometrial samples were obtained from adjacent normal tissues. All samples were frozen in liquid nitrogen immediately after resection and stored at -80˚C until use.
Cell culture. Ec HEc-1A cells and endometrial stromal cells (ESCs) obtained from Peking Union Medical College (Beijing, china) as gifts were grown in RPMI-1640 medium (for HEC-1A cells; Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) and Dulbecco's modified Eagle's medium (DMEM; for ESCs; Sigma-Aldrich; Merck KGaA) supplemented with 10% fetal bovine serum (FBS; Shanghai ExCell Biology, Inc., Shanghai, China), and 100 mg/ml penicillin and streptomycin (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) at 37˚C in a humidified atmosphere with 5% CO 2 . ESCs were isolated directly from patient samples at Peking Union Medical college, according to a previously described method (22) . miR precursors and transfection experiments. The miR-215 precursor (pre-miR-215; sequence: 5'-AUG ACC UAU GAA UUG ACA GAC-3'), miR-429 precursor (pre-miR-429; sequence: 5'-UAA UAC UGU CUG GUA AAA CCG U-3') and control precursor (control miR; sequence: 5'-UCA UCG UAU CAG CUA UAU CGC A-3') were purchased from Ambion (Thermo Fisher Scientific, Inc.). For transfection experiments, cells were cultured in serum-free medium without antibiotics at 60% confluence for 24 h, and then transfected with the mixture of transfection reagent (Lipofectamine 2000, Invitrogen; Thermo Fisher Scientific, Inc.) and pre-miR (pre-miR-215, 50 nM; pre-miR-429, 50 nM; negative control precursor miR, 50 nM) according to manufacturer's protocols. After 6 h of incubation, the medium was removed and replaced with normal culture medium for 72 h.
LEFTY2-expressing plasmids/empty vectors and transfection experiments.
LEFTY2-expressing plasmids and empty vectors (pcdNA3.1) were obtained from Tiangen Biotech co., Ltd., (Beijing, china). For transfection experiments, cells were cultured in serum-free medium without antibiotics at 60% confluence for 24 h, and then transfected using Lipofectamine ® 2000 transfection reagent, according to the manufacturer's protocol. A total of 5 µg expression plasmids/100-mm dish and 10 µl Lipofectamine 2000/100-mm dish was used. Following incubation for 6 h, the medium was removed and replaced with normal culture medium (serum-free medium without antibiotics) for 24 h. Subsequently, MTT, reverse transcription-quantitative polymerase chain reaction (RT-qPcR), western blotting, immunocytochemistry and colony formation assays were performed as described below.
Western blot analysis. Western blot analysis was performed as previously described (23) (24) (25) (26) (27) (28) . Total protein was prepared using extraction buffer comprising Nacl/P i containing 0.5% Triton X-100, 1 mM EdTA, 1 mM PMSF, and complete protease inhibitors (Roche Diagnostics, Basel, Switzerland). The concentration of each protein lysate was determined using a BCA™ protein assay kit (Thermo Fisher Scientific, Inc.). Equal quantities (20 µg) of total protein were subjected to 12% SDS-PAGE. The samples were then transferred onto nitrocellulose membranes and blocked for 60 min at room temperature in 5% skim milk powder in Nacl/P i . The membranes were immunoblotted using antibodies against human LEFTY2 (ab204283; 1:500; Abcam, Cambridge, MA, USA), E-cadherin (ab40772; 1:500) and vimentin (ab92547; 1:500; all from Abcam), snail (ab82846; 1:500 Abcam) and β-actin (ab8227 1:500; Abcam) overnight at 4˚C. IRDye ® -800 conjugated anti-rabbit secondary antibody (1:10,000; ab191866, Abcam) was used for incubation at room temperature for 30 min. The specific proteins were visualized using an Odyssey™ infrared imaging system (Gene Company, Ltd., Lincoln, NE, USA). The expression of β-actin was used as an internal control to ensure equal loading of the protein samples.
5-bromo-2-deoxyuridine (BrdU) incorporation assay.
A BrdU assay was performed as previously described. For BrdU labeling, BrdU was added into cell culture medium at a concentration of 50 µM for 4 h. Cells were then fixed with 70% of ethanol for 1 h at 37˚C in an atmosphere containing 5% cO 2 , permeabilized and incubated with the BrdU antibody (1:500; ab152095, Abcam, Cambridge) for 1 h at 37˚C followed by an Alexa Fluor ® -conjugated secondary antibody (1:500; ab150077, Abcam) for 30 min at 37˚C in an atmosphere containing 5% cO 2 . Finally, the cells were stained with propidium iodide for 30 min at 37˚C. Microscopic analysis was performed with a confocal laser-scanning microscope (Leica Microsystems GmbH, Wetzlar, Germany). A total of 200 cells were counted and percentages of positive cells presented.
Colony formation assay.
A colony formation assay was performed as previously described (29, 30) . Each well (100 mm) of a culture dish was coated with 5 ml bottom agar mixture [dMEM, 10% (v/v) Fetal calf serum (FCS, R92157; Thermo Fisher Scientific, Inc.), 0.6% (w/v) agar]. Following solidification of the bottom layer, 5 ml top agar medium mixture [dMEM, 10% (v/v) FCS, 0.3% (w/v) agar] containing 5x10 4 cells was added, and the dishes were incubated at 37˚C for 4 weeks. Plates were stained with 2 ml 0.005% crystal violet for 1 h at room temperature and then a light microscope (Olympus corporation, Tokyo, Japan) was used to count the number of colonies. discrete colonies containing 50 or more cells were counted with the microscope.
RT-qPCR.
Total RNA was extracted from the cells by homogenizing cells in TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.), according to the manufacturer's protocol. Total RNA (500 ng) was quantitated at 260 nm and reverse-transcribed into cDNA using the PrimeScript RT reagent kit (Takara Biotechnology, co., Ltd., dalian, china) according to the manufacturer's protocol, at 37˚C for 15 min and 85˚C for 30 sec.
The cDNA then served as the template for SYBR qPCR using Power SYBR-Green PCR Master mix (Applied Biosystems; Thermo Fisher Scientific, Inc.). All reactions were run in triplicate on an icycler iQ Multicolor Real-Time PcR Detection System (Bio-Rad Laboratories, Inc., Hercules, CA, USA) using miR-215/429-specific primers (Applied Biosystems; Thermo Fisher Scientific, Inc.). The following primers were used: miR-215, forward 5'-GGG TCC GAG GTA TTC GCA CT-3' , and reverse, 5-CGA TGA CCT ATG AAT TGA CAG ACG-3'; miR-429, forward 5'-UAA UAC UGU CUG GUA AAA CCG U-3' , and reverse 5'-UUC UCC GAA CGU GUC ACG UT-3' and U6, forward 5'-GCT TCG GCA GCA CAT ATA CTA A-3' and reverse, 5'-AAC GCT TCA CGA ATT TGC GT-3. The amplification profile was as follows: Denaturation at 95˚C for 10 min, followed by 40 cycles of denaturation at 95˚C for 15 sec, annealing at 60˚C for 30 sec and extension at 72˚C for 1 min. The comparative cycle threshold method was applied to quantify the miR expression levels. The relative amount of miR-215/miR-429 to small nuclear U6 RNA was calculated using the equation 2 -Δcq where Δc q =(c q miR-215/miR-429 -c q U6 RNA ). The fold change of gene expression was calculated using the 2 -ΔΔcq method (31) . U6 small nuclear RNA was used as the internal standard.
Bioinformatics analysis. The analysis of potential miR target sites was performed using a commonly used prediction algorithm, miRanda (microrna.org/microrna/home.do) (32) . The miR search function of the website was utilized to search for target genes of miR-215 for the species of Homo sapiens.
Immunofluorescence staining. Immunofluorescence was performed as described previously (33) . HEc-1A cells were plated on glass coverslips in six-well plates and transfected with pre-miR-215 and control miR (mock). At 48 h after transfection, the cells were fixed in 4% paraformaldehyde for 15 min at room temperature, and then blocked with goat serum blocking solution (10%; 50197Z; Thermo Fisher Scientific, Inc.) for 20 min at room temperature. coverslips were stained with the following primary antibodies: Anti-LEFTY2 (1:500; ab229668, Abcam) and anti-E-cadherin (1:500; ab15148, Abcam). Following three washes with Nacl/Pi, cells were incubated with anti-Rabbit antibody (Biotin; 1:10,000; ab222772; Abcam) for 30 min at 37˚C. DAPI staining (blue) was used to indicate nuclei at room temperature for 30 min. Microscopic analysis was performed with a confocal laser-scanning microscope (Leica Microsystems GmbH, Wetzlar, Germany). Fluorescence intensities were measured in 300 cells/coverslip and analyzed using ImageJ 1.37 software (rsb.info.nih.gov/ij/index.html; National Institutes of Health, Bethesda, MD, USA).
MTT assay. The proliferation of cells was assessed using an MTT assay (Sigma-Aldrich; Merck KGaA). The MTT analysis was performed as described previously (34) (35) (36) (37) . In brief, the cells were plated in 96-well plates in dMEM supplemented with 10% FBS at a density of 8x10 3 cells/well at 37˚C in a 5% cO 2 incubator for 12 h. cells were transfected with LEFTY2-expressing plasmids for 24 h and then were treated with various doses (10 -4 -10 2 µM) of cisplatin (S1166; Selleck Chemicals, Houston, TX, USA) at 37˚C for 24 h. Following this, MTT (5 mg/ml) was added to the wells (20 µl/well). The plates were incubated at 37˚C in a 5% CO 2 incubator for 4 h, the supernatant was subsequently removed and 150 µl dimethyl sulfoxide was added to each well. Following incubation at 37˚C for 10 min, the absorbance of each well was measured using a Synergy™ 4 (BioTek Instruments, Inc., Winooski, VT, USA) with a wavelength of 570 nm, with the reference wavelength set at 630 nm. Absorbance was directly proportional to the number of surviving cells.
Statistical analysis. Results were analyzed using SAS software v. 9.4 (SAS Institute, Inc., Cary, NC, USA). Data were presented as the mean ± standard error of the mean of separate experiments (n=3). For tumor tissues and adjacent normal tissues, n=58 as 58 pairs of cancer tissues and adjacent normal tissues were used. Statistical significance was determined using the Student's t-test. For correlation of miR-215 and LEFTY2 protein expression, data was analyzed using Spearman's correlation. P<0.05 was considered to indicate a statistically significant difference.
Results

Overexpression of miR-215 promotes EMT in HEC-1A cells.
To identify the effects of pre-miR-215 and pre-miR-429 in HEC-1A cells and ESCs, HEC-1A and ESCs were transfected with pre-miR-215 and pre-miR-429. RT-qPcR was subsequently performed to detect their expression. The results demonstrated that miR-215 and miR-429 expression was evidently upregulated in the cells transfected with pre-miR-215 or pre-miR-429, respectively, compared with the respective mock (Fig. 1A) . Additionally, the present results indicated that overexpression of miR-215 induced notable morphological changes in HEc-1A cells (EMT; Fig. 1B ). For example, cells morphologies were altered from a cobblestone-like phenotype to a spindle-like phenotype. No marked morphological changes were observed in ESCs (Fig. 1B) .
To further clarify whether the alterations in cell morphology were induced by EMT, the expression levels of epithelial and mesenchymal markers in pre-miR-215-and control miR-transfected cells were detected. The results indicated that E-cadherin (epithelial marker) was downregulated, whereas vimentin and snail (mesenchymal markers) were upregulated by miR-215 in HEc-1A cells compared with the levels in the mock group (Fig. 1c) .
Overexpression of miR-215 promotes colony formation and DNA synthesis in HEC-1A cells.
To determine whether miR-215 regulates colony formation of HEc-1A cells, a colony formation assay was performed. The results revealed that overexpression of miR-215 significantly promoted colony formation in HEC-1A cells compared with that observed in the mock group (Fig. 2A) . In addition, dNA synthesis was detected in HEc-1A cells transfected with pre-miR-215 or control miR by a BrdU incorporation assay. The results demonstrated that pre-miR-215 significantly promoted dNA synthesis in HEc-1A cells compared with the levels observed in the mock group (Fig. 2B) .
miR-215 expression is upregulated in EC tissues. RT-qPcR was performed to detect miR-215 expression in Ec tissues
and adjacent normal tissues. The results demonstrated that miR-215 expression was significantly upregulated in EC tissues compared with the levels in adjacent normal tissues (Fig. 3) .
miR-215 inhibits LEFTY2 protein expression in HEC-1A cells.
miR are a class of small non-coding RNA (~22 nucleotides in length) that negatively regulate protein-coding gene expression by targeting mRNA degradation or translation inhibition (38) (39) (40) (41) (42) . Therefore, it was hypothesized that miR-215 may regulate EMT and colony formation by regulating target gene expression. miRanda was utilized to screen target genes of miR-215. The website identified multiple target genes; the present study focused on LEFTY2 as it has been proposed as a tumor suppressor gene (18, 19) . Sequences of target sites on the 3'-untranslated region (UTR) of LEFTY2 are demonstrated in Fig. 4A (partial match, not exact match) . Identical sequences were found in the human (H. sapiens), mouse (Mus musculus) and rat (Rattus norvegicus) mRNA orthologues (data now shown).
Western blotting and immunofluorescence assays were performed to detect LEFTY2 expression in HEc-1A cells transfected with pre-miR-215 and control miR. The results demonstrated that LEFTY2 protein expression levels were notably downregulated in HEc-1A cells transfected with pre-miR-215 compared with the levels in the mock group (Fig. 4B and c) .
LEFTY2 is downregulated in EC tissues.
Western blotting was performed to analyze LEFTY2 protein expression in Ec tissues and adjacent normal tissues. The results demonstrated that LEFTY2 protein was significantly downregulated in EC tissues compared with the levels in adjacent normal tissues (Fig. 5) . Linear correlation analysis indicated a significant inverse correlation between miR-204 and LEFTY2 protein expression in EC (P= -0.56; P<0.01; data not shown).
LEFTY2 is inversely correlated with miR-
LEFTY2 promotes mesenchymal to epithelial transition (MET) and upregulates sensitivity to cisplatin in HEC-1A cells.
To identify the effects of LEFTY2 in regulating EMT, cells were transfected with LEFTY2-expressing plasmids or empty vectors and western blotting was then performed to detect LEFTY2 protein expression. The results revealed that LEFTY2 protein expression was upregulated by LEFTY2-expressing plasmids compared with the level in the mock group (Fig. 6A) . Although overexpression of LEFTY2 did not notably promote morphological changes in HEc-1A cells (Fig. 6B) , it was revealed that its overexpression downregulated vimentin expression (Fig. 6c) .
In order to determine whether LEFTY2 affects cisplatin efficacy in HEc-1A cells, cells were transfected with LEFTY2-expressing plasmids and empty vectors and then treated with various concentration of cisplatin. An MTT assay was performed in HEc-1A cells treated as indicated (Fig. 6d) . The results demonstrated that overexpression of LEFTY2 sensitized HEc-1A cells to cisplatin (Fig. 6d) .
Overexpression of LEFTY2 inhibits colony formation and DNA synthesis in HEC-1A cells. In order to identify whether LEFTY2 expression affects colony formation in HEc-1A cells, colony formation assays were performed. The results demonstrated that overexpression of LEFTY2 significantly inhibited colony formation in HEC-1A cells compared with the level observed in the mock group (Fig. 7A) .
To evaluate whether dNA synthesis was affected by LEFTY2 in HEc-1A cells, a BrdU incorporation assay was performed to detect dNA synthesis in HEc-1A cells transfected with LEFTY2-expressing plasmids and empty vectors. The results demonstrated that LEFTY2 significantly inhibited dNA synthesis in HEc-1A cells compared with the level in the mock group (Fig. 7B) .
Discussion
EMT is one of the key processes discussed in regards to progression and metastasis of a wide range of cancer types, including Ec (43) (44) (45) (46) . miR-429 has been suggested as a member of the miR-200 family, and four members of this family have been identified to serve crucial roles in the modulation of EMT in a number of tumor types (47) (48) (49) (50) (51) . However, the present study demonstrated that overexpression of miR-429 could not affect the epithelial or mesenchymal status in HEc-1A cells and ESCs, which indicated that miR-429 was not a regulator of EMT in these cell types.
miR-215 may promote malignant progression in gastric cancer (16, 52, 53) . However, to the best of our knowledge, there have been no previous studies regarding the role of miR-215 in Ec. The present study revealed that overexpression of miR-215 promoted EMT and colony formation in HEc-1A cells. Increased dNA synthesis is able to promote colony formation (54) . The present study demonstrated that overexpression of miR-215 induced dNA synthesis when it promoted EMT and colony formation in HEc-1A cells. Additionally, the present study indicated that miR-215 was upregulated in Ec tissues compared with the levels in adjacent normal tissues. However, Myatt et al (10) did not detect any significant difference between tumor tissues and corresponding normal samples. The present study only used type I endometrioid Ec samples, in contrast with the previous report (10) , and so the different results observed may be due to the different sample types. LEFTY2, a regulator of cell proliferation, tumor growth, embryonic differentiation and stemness, is a negative regulator of cancer progression (21) . The present study identified that LEFTY2 is a target of miR-215 by bioinformatics and revealed that miR-215 inhibits LEFTY2 protein expression in HEc-1A cells. In addition, LEFTY2 is inversely correlated with miR-215 expression, which further demonstrated that miR-215 may regulate LEFTY2 protein expression in Ec. Unfortunately, the present study failed to confirm whether miR-215 directly targets LEFTY2 in Ec as a luciferase reporter assay using plasmids of the 3'-UTR of LEFTY2 was not performed. In addition, the present study identified that overexpression of LEFTY2 inhibited colony formation and dNA synthesis, and its overexpression promoted MET in HEc-1A cells. This is in agreement with previous studies that observed the overexpression of LEFTY2 to upregulate E-cadherin expression (21, 55) . Epithelial status and E-cadherin expression have been proposed as markers of chemotherapy sensitivity (56) . The present study demonstrated that overexpression of LEFTY2 sensitized HEc-1A cells to cisplatin treatment.
In conclusion, elucidating the mechanism by which miR-215 promotes EMT and proliferation by regulating LEFTY2 in Ec will aid in further understanding the molecular basis of EMT and proliferation of the disease. Thus, suppression of miR-215 represents a novel therapeutic strategy to reverse EMT. However, the roles of miR-215 and LEFTY2 should be further investigated in vivo.
